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of [las- of Lids- rracture Wave
tic ity Poisson ’ s tic ity Poisson ’ s Toughr: es~’ u/C 1QCj~~

Ma~ er ’ ia 1  GPa Ratio GPa Ratio M P a ’ m  n ’Jsec

H o ” a l j t e - l O O  3.72 0.345 4.65 0.345 0.65’,; ?4D1
[ 2 - 4 ]  

-

Ho:’niil j t e-lOO 3.72 0.36 4.80 0.36 0.415 25~’

H o ” al it u ’ .lOO 3.86 - 4.82 0.31 0.450 2151)
[6,7]

M c i i f i e ’ b  Epoxy 3.01 - 3.95 0.34 1.180 197u
Blen~ t~c .3 [7 ]

Modifi ed Epoxy 3.97 - 4.07 0.37 0.910 2020 1Blend ‘io.12 [7]

Ar ald iH B [8] 3.38 0.33 3.66 0.39 0.7~ ) 25~)fl

Pol y m ’ h ’ ’  u ’ ’ -  2,38 0.36 2.72 0.36 3.349 1060

,[5j  
-- , ,,

,, 

, ,,
, ‘



E
E

I-’ ~~~~~~~~~~~~~~

-“ . ‘ ~~~ ‘ 
~~~ ft ~~~~~~~~~~~~~~~~~~ ~~r’~~~ 

~~~~~~~
-- “~~~~~ T r~~~~~~’

H) ~~ L~
’ 

I

j j I~~

~~~~~
a ~~~~~ “i u.u r—s em 

~~, r’,

u6 -~4~~ Z L.J 4
W O W  u ,~~z ~~ouj z

0 0 W
0

E
E 40 E

~ cn~~~ -W >.

_ _ _ _ _  

0a~_ ~~~~~~
_______ 

W , ,
I ‘ I

_ _ _  

—
~~
-1- 

~ 0

U)
W

~~u(n 0 ,.- E
_~~~ - E ~~~‘~~‘ 

_ _ _ _  

.~~

~~~~~~~~ ~~~~ 

jJ~ ~
E ~~~ 0

‘ 
_J~~~~r_ ,

4 I
j
’— 

_t : ‘ j w ~~
-ø



CRAC K V ELOCITY , rn/sec

o 0 0 0 0
0 0 0 0 0 0

-n I I I

C

In

— 1 0  P.. ~~ o

F~~~ 
ci ‘-‘i w

z
r,i -i
U, 0
~J’ C
o C) —
-n

~ 
Z o

o P1

~ (I)
~ (I)

~~rn
0 0

~

I 

I I 1

‘ 
‘ 

‘ 
‘ ,. 

-



IC)
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

N- W

\ I I -
~~

-J
0..

\ ‘..J

-J

z 0
IC)

t U) - 0
IE

0
0 —

5 ,
- -

— ~~~ I-
L~ J _J
H —

H Cl)
a ‘-‘ C/) 0a3

o z
_ P I ~~~~- (

~ (I)
(1)o

H ZI
~ Lii (~
N-~~~~~~ D

— - o~~~~~~~
o
H

o w
<

o Li_ H E

~~ th
~~~~~

~ a 
~~~

- ~— ~~~~______..__
__ c’~

a 
OH
r()

Iii

I I I I —

0 0 0 0 0 0
0 0 0 0 0

r() CsJ —

3~ S/ W ‘ AII3O1JA )13V~3



CRAC K VELOCITY ,, m / s e c
— -~~~o 0 0 0

m 
0 0 0 0

0
C
In

o 

0

~ z
-
‘—.‘ ~~.— r~~~~~ 

,..- ‘ /~ ~‘I  ~~~ 
—

~
J Q b I D

m

—4 ~JC ~~ Z~~~

~
, ()

~ H (J
~W

- C ~~~~~~~
-

0 ~j

~~~~r11
‘ HZ ,-~~ OJO
In ‘, ‘

—4 P12
-

o ~~ ~~
-t, 0~~

m Z ~~0 Z~~~

D (I) -

o (1)
* Z~~ 

1_1 fl

~~~~~ ~~~~~~~
- (nO wc n \ ‘-a m H~ 

0 (J) Z m l  ~~‘ 
-u

0 2> P12 0
—4 Z ’  X -J ..0 <  In 0~~~ -<

-
~~ ~“1 

‘ 

~~
-) 2 0 ‘

~~~~

o (J1 p 0
-

() c_n I_in
2> L~J

P1
0~ -oo 0z
2> -<—I
In

I ~~~~~~~~~~ 
- - ‘ .- —



2 4 ~

22 - ”

2 0~~~~~~~

I 8
—400

C
0~
~~~I 6 -

Cl)
(I)

Z 1 4 -  ‘

I U)
-~300 &

0
H
UJ , —

H

H ,
~ ~~~

~‘- MODEL N0,I[7]CL / \  - - 200

~~ ,AJ7
~I 126B 022474[3 J
z
>-
006,.,

~IQ0
0.4 ’

‘a ‘a
:w

‘2

SW
I Q_

I j  ~v, 1 ,,1~, 1:
u) 0

0 25 50 75 100 125 150 225 250
CRAC K EXTENSION , mm

FIGU RE 5. VARIATION OF DYNAMIC FRACTURE TOUGHNESS AND CRACK EXTENSION VERSUS
TIME RELATION IN TWO WEDGE -LOADED DCB SPECIMEN S WITHOUT CRACK ARREST.

“ .5-



2.5 — i---’--—--- 1

(-4’-

DYNAMIC

STATIC

2.O -~

a
a-

~~~~~

‘ I.5 -~~(I)

I
(9 H
0

I E’~~ I —

ILl I.L)

a:

— — — —
-- - —-

0.5 -  : :  ,~~~~~~~~~~ K
St 0t
Ia

• S S
• • •
• S S• •
• I I
• I I
• 5 9
• . I
• S I
• I I I
• S I I

• I. I ‘ I
0 50 100 150

CRACK EXTENSION ,mm

FIGURE 6. VARIATIONS IN FRACTUR E TOUGHNESSES IN
WEDGE -LOADED DCB SPEC IMENS [ 8J



2 .0 ‘
~~~~~~ i

A ~~~~~L I ’  ‘~~~ -i’V ’ !’ ..

— STATIC

IE //‘- B14
~~~~ l 5 -0 -

a-

- 612
(I,
C’)
Lii /

z (
~~ 1.0 - 615

0
H
Lii
a: _ K icH

0,5 - 
I

a: •
LL.. I I

• I
• ,
5 I I
• • •
• I I

• ~
• • • 

I Ia
• I I
• S I

I 1 1 ‘ 1  I • j  0
0 50 100 150 200 250 300

CRACK EXTENSION ,mm

FIGURE 7. VARIATIONS IN FRACTUR E TOUG HNESSES IN WEDGE- LOADED
DCB SPE~CIMENS 114]



‘in, , ’ . .“ ‘ ‘ ‘ ,,.‘ , ‘ ‘ ‘ . , “ , ‘. .- ‘
. .‘‘ ‘ A , ,c , , , , ’ ,,.,.,.,.

‘It’ - ‘ 
~‘ ‘ ‘j ‘‘ ‘ ‘ .0,11 , ,., . • , I ‘,“ ‘,“ ‘ ‘ , ‘ ‘ ‘

• p
‘ 4 • 0 ’ ~ 4~ 

, ‘ ...‘‘ ‘ ‘_~~~• • ‘ ‘ tic
‘1  

‘ , , ., .,,, , ~~‘ (cx 4 “ ‘j ’ — ‘1
- - --.~ ,, ~~~~~~~~~~~~~~~~ P , .

~ -
~ :‘‘: ‘ ‘‘ - ‘ ~

I I
n

‘K
~ ‘~~~~~~~ ‘ A~ ” ’ , ’ A n Q ’ A ’ . . . ” ’ n q ” ‘ a — ’ ’ , A. ’ - ‘

- “ ‘~ ‘ ‘ . ,‘“~~0 ’ ’~~,4 p E . . . . I . ,, . Ma’ ‘ ‘ “ ,, - ,
,

O,, ’ ’ V . ” - ‘ ‘ • ‘ ‘, P~~~~ Of

9 0 5 IA
S ’ S ’ t ,. ’ , ,. ,, , , ,  

“~~‘ 0’ ‘ ‘ 1’)’ ‘ ‘ ‘ ‘ . ‘ ‘

- 
‘ 

- S .  
~~~~~~~~~ 

‘ ,“ ‘ , .‘n’ : , 9 M’ II’ • - ‘ ‘ - : 1  “ . . ,‘ . ,,~,_ ‘,: ‘,“
A ’ ’ ’ ..‘,‘ ,.‘ 9  “ ‘‘ “ 9 - ‘ ~~~ A ’ ,’i, “ ‘ “  , ~ 4 on

• ‘ u, , , ‘ DI, - ‘ . ‘ ‘
‘ O ’ ’ ’  ‘A C ’ ’ - “~~~~ “ ‘ ‘ A . ’

- ‘ . ,. . ,. , - .; 
~~~ : ~~~

- ‘;‘ .‘ ‘ “ 
~~~~~~~ 

- ‘ .

~ o in (‘ISO,

5 ‘ A ’ ’ ’ ’ , 4 , , ,’ ,~~ ’ ‘ ‘ “ ‘  ‘ ‘ ‘  ‘ ‘ ‘ .‘ ‘ ‘‘ - ‘ ‘ . ‘‘ n I

,, . ,. ,
~~~~ 

“
~~~~

“ “~~“ 
-

y ‘ruin
- ‘ ‘ ‘ . ii

‘4.

‘a .  ‘ . ,. . , , , . ,

A . ’ ‘,‘ , ‘ni’
- 

‘
. . ‘ “ - p . .

’ , ,. ~~ ,,
, : ~ -~~~~~~

‘

- ‘ m c  iomol
- “~~~ A , ’ • . ; , ~~

, p ~~~ 
. 

‘ 
, 

‘ 
A . ’ ’ ’ ’ , I ’ t~,, ’ o ’ ” ’

. 4  ‘ - ‘ ‘

A ‘cx
Al - ‘ ‘ c ,, ‘~~ - P , .— ’

5 5  0” ‘At

S ‘‘ (Al

‘‘ ‘U ‘ ‘ ‘ ‘‘,,‘d ) “ ‘~ p, ‘ w ’~~~ ’, ’ ”’ ’ ” ’,’g i , ~~~~~~~~~~~~

,~ ,~~~~ ‘ . . -~ ‘ . ..‘ . - - ‘“ ‘ 4

‘ ‘‘ ‘ II’ ’-’ ’’ 4 p ’ , p . 4 1’’ ~~A , ’ ,,. ‘ , , , ,  ‘ ‘ ‘ ‘ ‘.. ‘ S... ’ -.
A ’ , . ‘ , ‘,, i..,l ‘ 

.. ‘ ; , . ,, ,., . ‘ ,,, AAt A flq 
~~~~~~~~~~~~~~~~ 

, , _ _ ‘ ., % A ’,; ,. , Mp, ‘Ad. ’

A I n .  0

1 ‘ ‘ “ ‘ l A . ., ~ ,n1 a ’ ’ ’ _ ’ ’ ’ ’ ’ ’ . ’ ~~~~~~~~~~ ‘ p A
‘A~~~ ’ ‘ ‘ ‘ 4 ” , - ..~- -“i 4 ’ ’.’, , ’ ’,-’~ .U ”  4 ’ ’ A  ‘.011’  ,‘ 4 ’  A l  p. p”’ p ’ ‘I ‘ ‘ ‘ “4

.4 ’ . ” ’ ‘ ,‘ ‘ ‘ .‘ ‘4 Id — ‘ — 4 ; , ._4 ’ ‘ . ‘ - ‘ 4 . ’ A ‘1’
I I p 1 

3

O 
‘ — c

L A A ; cx
I A 

‘A. I -‘ A

I ‘cc .‘ , - ,, ,. , . , , , ., ,,, • 110, 
- &‘~ P’ . ’, ’ ’ ’ ~~ (1 .

4 A I *  r. ’ ’  ‘ ~~ 4 ‘ i~~•~ ’~~A S ~~4 ‘ ,.I W  5 4 , 1 4 ’ ’ , ‘ , ; , A , ’ ’ ’ ’ o ’cx ’ ’ ’ ’ o. ““ ‘ ‘.4 ,
‘4 ’ ‘ . n A ’ , ’ 4 ’ A4’ ~~ ’ l ‘ . , . ‘ . . , . ‘ . ‘ 9 , ’ ’ , , ’ 4 ’~~~ P.. J ’ flPP.’’,q

44 ,

~

. fl4,p ‘ ‘ *51’ ’ ‘ I ’ ~r~’
4 O s , . 

- 
• , ~~~ , . 4 4 ’ ‘ ‘ “ ‘ (CS ( J , , i 1 1 0 0  , $ 0 4 4 , ’  0 , .  .4’ 3 •,, ,,

4 ’ ”  ..‘- : “‘ ‘  ‘ ‘- ‘ ‘ ‘ ‘  
‘ I ’  ‘M u ll p . , , ,,, ,~~~ 

., ,, ,. ‘ , ,  ‘ . 4

• ‘ ‘0. ‘4 ‘ , . ‘ , A , ‘ U., ( 5 4 ’  ‘ ‘ a’ ,c “ ‘ . . ‘ ‘‘ ‘ . e ’ A ’ ’  . I . ’ . , , ‘ ‘ ‘ ‘ 4’.’ . ‘ ‘•q “ c a ’  ‘ “4’ ” ’

A ’ ’ ’ ’ ~~ 4 
, 

- 
‘~~~ ‘ ‘ 4  , ‘ “ 4 ‘ ‘ - e, O’A ‘ ‘4 4 

, . ‘ ~4” 4 ‘ 
“ 

- A ‘•‘‘ ‘ “ , ‘ - . ,‘,p ‘ , ‘ . U - ‘4 ,

- ‘ 
, I ‘. ,,.‘, ,,,., A ‘ I . , ., p IllS. ‘ ‘ ‘ .‘ ,.‘‘ . ‘ 

I, , - ‘1 ’ 
‘ S ’ ’ ’ ”’ , . ,

P, • .SS,’ ’  ~ — ‘ n,,.~ n e
14 ‘ ‘P • ( ‘~~l 4  I(~J ’ 4 P e 4 A ( ’ 4  A 4 9 0 ~ 

‘as ‘ .ocx ... ‘ ....‘.~ r , I r ’ ’ ’ ’ . ; -a.  .‘ , “ c ’ ’ . ’. ’ ’ ’ ”
440 ’ , k.,pj., 4’ ’ .’ ’ ’  p’ ‘c ,Ak , o ’ ~~~~~~~~ flCn ’ ’ ~’~ 

. ‘ , 
~ ‘ ‘ 4 ’ ’ ’ , - I

1102 ‘ ~ ‘ 4 ’  — Weal”” ’ I II” , ’ lI,,, , •O, h.Il•’ , 01 4A ~’~ ‘ c ’ $
,I. ’ ’ .,.,A • I 4  ~~~~ p Ills. P,’Qf,Isor S I :.‘la ,pu.., ‘n ’ .. ’ , ‘I, Mn, ’
A !,u’l’fl” ’~u. - M A c I A  Col , b ’a lunlYIY ~ l (y  ‘, .u’ a’ An,.” of 4, (a,’ ’ ,, ’ f l 4 A O P C 4  09
I . , 1 ’ ,, p ‘ ‘ 4 ’ , , . ’ ,, ’ ,, e,,~~A I A ,  • I%fl ,’ h Ospirt..nl of C,,Il I ‘ , . , I .’ r” . ’ ’ ’’ ;  u ,  ‘ c .  ~~i , Mu, ’.4’
I n ,  * ,  ‘ ‘o r.. 9.,. tWn Y orI . I~ UlOi n ., 

* ,, A
dW s I’’ nqlo n , IA . ‘~‘I, P,’of.iio .’ 904*1.’ ,,,. , AA ~ ,.•”, ’ 1,  ‘ . 4 ’  ‘ “ “ P 4

‘ 0 ’ ’~~ ” 
4 ’’’ ih., f l a ” ’ ,  -‘ ‘~~O A ( 5QO ,sach, j se t t s  l , , c r t t u t .  ,,f lei ’,oc .(o gy ‘., ‘A . .~~ ‘ 4  I “ .‘ ‘ “ r ’  • ‘ “ q  A Aj .~,I ‘nS S( t e.,cp

‘4.000 ’, , ~: ‘ .1041 ).l,l’’.n A r  ,,~ th A , ’  for,~ 
D p4rt~Int of Ik.I , I nq l n.Irln q 1” . o...,, ’ ,’ , A

‘A ’ P ‘.‘“I’ A , ’~~’,.,’~~?y ‘ ‘IPIPf C.44.’idq., MA OIl ~ D~ ‘~o s S C A f l  I
Oa. . , ‘ ‘ ,., .4,.,’ ‘ n’.’ ‘~~~~‘‘ ‘ “‘ Prof.~~or 1 ,l ‘.ko d . ’ t y k ~~~~~~~~~~~ “ S~

a ,‘., ‘ ., ‘ , ‘ 4 ‘ u ’  , . UI 1,5112 PIPIOIY InIIIII St~ l~ Univ e r s i t y  A,.,. ‘ “ I , - ’’ ’sI ’o, . I 90,0.n’, W A (nqin04rlnq
Applied •,s,If’Cl, LabOrItOI’y 1 ,,, . , ,,. , A ,’ ”’

c ’ ’  . .  ~, 0.part$l.r’t Of Pl,yIicS
‘$1 ~~ 14(100. 1 AI’4’OOAIdSSCS I (p.c. 9~~ $,,lIlr4Sloe Slit, Cell.q,. PA 16401 

~. 90’A,,,, . ‘ ( A * ~
4 .~~4~~~~ . 35 ’~ I.” St”4’ t00Cs 9.’s.arcI’ 010115,. PrOf.IlOr J K,.pn. r b~j ’~’ r~~nt ,,l ( A , A u  I nqlflpe r ln q
04,. ~~~ I,~~,.P ,,, ,,,~~,, 

LIOg ICY •,t.IrAk (,.tI! Poip t Elinil Iltt lt. t p of 11* 00r1 5,he,A ’ ,., ‘4,1
A l , ,”,, ‘ S  ‘II’ S.’ 11091#V ~,t 1 t A 0 , 4  

~~pt of $proIp,ice loqrq S Apy lIpd V.,IA i’ , t r , , ’ , , ’ ,~o , s-s u ’,, ,,
4II4pt04’. $4 - AiM 33 ) 147 StreP t Dr 5 0414 L ‘Is S
11(10011 * .rOnIUtlC% $ (plc. A lolitrl t lon Si’oo$ly’~, II! 112*1 De~.t ,,‘ lr4lnP.nlnq 4,,* l yols

‘ ‘.49’an4 ’~, •‘ c .‘ I7~ 
$1100 5.1, A~ ,Im I,trlt*r POP’ *4445(64 UnIv.rsrlp of CI.nin,,eti

A_n , ‘e’ , — I’ ’  ‘ A , O f , , • S#5P4 I’~* 904 1.fS540 l09, C lot Iv’s&ft . ON 45221
Ii, , , I ’  WISPIOO!O n , 0€ )?$*I

Pen,,’, ‘ ‘P~ l~.’I
’ e Pa.b $A

4 ’ ’ ’ . *.,r..~~, ‘0 ’  U



I’ , .  • ‘ ‘ ‘ .. .r A , 1 p_ A ”  c’ , ’ , ’ , ’ ’ , ’, A , r  4 , 1 1  AMA A , 9asb
L’’” ’ ,~ . , ,i , ’ r ’ . ’ t ,  I ’ n , v ~~r . , A l y f ‘i.4’,S,I. AA, , ’, P A I ’ ,

1 ” ’ , ’ ,, . A I ,’.4 , • ‘ .n’ ‘10,1 ‘ l’l.I n ’ U.’~ bA! , AC S I 0t,’.s~..l,.’ A fl ’4 A lAp e r A n . ~
Id U,. “,~ , ‘ 3’I,r, ‘ A , MJc ‘ 1002
c .  , rA ‘ ‘A Pr ’, I A . ’ ’ , , ,  C, ,  ‘I I ’A ’ 4’A’A~”
‘ a  S lc ’ rr t S A,iy,i ’,I’~ ‘, ‘ ,~,, ‘‘.,‘ .j fr, u v , ’ . ’ ’ . ,~ y

‘ u n A  , , ‘ “ ‘  ‘ , , “,,‘ ‘cl,,r ‘~c.,,j r ’pn,-,, ‘ “‘ 00 c’ l A o l  90’. b i n , ’
A 

~~~~~~~ - “‘A (A’S’’ (‘A ‘ ‘ . 4 A , f~ “‘1 , ‘3 ‘‘4
A’ ’~~A , f , ’ ’,’,p.’ .1 . 51 , C, Uenl’,,vA n

u,,’,.’ ‘ , ,‘ ,l,’ r A ’  5 , , r ?  b. ’’ A ,,, ,, ~~
Pol ‘ I’’ ‘ “ A c , (‘ ‘ ‘“50  1(4 ‘ Mc, ,,”’ A” ,’A ’, ’ ‘ ‘ C I ; ’ i  l ”’u I A ~I’’’ r % f l ’ A

p t A p ,,
A ’ I V I’r’ , l ’ .’ A t  “i’ i..l”’f

A C , I ‘ ‘ ‘ A I ’ A ~ ‘)“t’ ’ ‘ I  0p.. h . 4 A , p , ,A 1 “cAn” ,’c ’ ,
S c’  f” I”. 01 1010’ “ .,‘ I - “1 54 ”

I ‘ ,j~ - f , ,r .— ’ ~~
s- ‘ ‘ 

, , ‘ F H . . .” ‘ “A’i” ”Ont nf M A’[ ‘, .4P’
4 os A,’’~,’ ’ o’. ‘ .

o , ‘ , ‘ I n ; , ’ , , . 
, - , ‘4 ’’ ’ ’ ’ ’ ‘, , ‘ ..,., , u , - ’ ‘~ 55’ ’” ’ . ~~‘ , ‘ A ’ . ‘ 

‘ r’I,,’,’ ’, ’’ A ,, r,. ,~, ,c,,, ’,
A ’” ’.  ‘ . ‘ “ c ‘ ,p. ’,~ ‘ ‘ ., , ,  A ,, ( ‘~~~I A ,  ,A ’A ’ i

AA~,, A ,.I,, I’  1 1 4

• P “ ;‘ , A . ’  ‘ 4’ ’
. ’,. ~I ’ ‘ ‘ ‘ s A ’ ’

0 ‘(,‘fl ~~~~~~ ‘A 4’ ” (’ ~ 5 1l(.~~’, i ‘1 ” 1
• 55 ,’ ’ ,,,, ‘ ,“ ‘ , ‘J , , - , ‘.0 1 ’ ’

1 1 0o1” , ‘ ,“ l,n,A.( A l,’ ‘ ‘ , ; n . j , A A C I ’

550 r 
1 : 

~

‘

‘a, , , , , ‘ ‘

“4’. ‘ ‘~ ‘ 
,‘,~~ ,‘r ‘ ‘ ,, ‘~~, A ’  ; , ,‘ ,

~~~~~
. 0 , ’ , ,,.’ ,, A ICS

‘c c ’ - , ’ .’  .‘‘ ‘ ‘ ..“,— ‘ A
‘ ‘ I S i n’ Is 

“ ‘
.,.,.

‘ ‘. ‘,‘ €• ‘
~~

‘ “ : ‘.‘‘ : ‘‘  ‘ ~.1 ’ . ’ ’ ’ ;’ ’ ’, ’ A , .
~ New 4 ,‘

1 ‘ ‘~ fl 
f l A p ‘ ‘‘‘ c’ . ‘ , . . .I ‘. , j . ’ , ‘ ‘ ‘ I I ’ ” ’ .

- ‘ “ ‘ ‘ ‘  ‘. . ‘OF’ ’ ’’  ‘ ‘ A ’’ 101, ’, A f l 1 A O P , . . A ,A . ; ’ , , A , ’ nl

II ‘n” is  ‘ “A’ ’ ’ ’ ’ ,
1 4 U 1 4

I • ‘ ‘e’ ’ . •’ ‘ o . , , c a  L .  P’ . ’ ’

• 
‘ ‘ 1 6 ’ ’ ’ ’ ’ ’  ~ , ‘ “ I’ ‘ A ”  1 ’  ‘ .. .~~~ 5 ’ 4 , .  (‘,,, ‘ ‘  A ’ ’ ” ; ’ ” .”  p n q “ (.1” A

I ‘~~1, 1 , 1 , , , , , I A  ‘ u  A
• Jo l~ a . A

I r ,A IA. ’, ’,,,r p p~,t $
‘1 ’ ( d l l f A A r t ’ A d , ‘,d n “ A , ’ ’ 5 A ~

Sw4p Irnn ,l ’ Of he lSn ~
14 Jolla . ‘0 ‘i ,”)’ll

Pr~ f,ssor S ‘ 0oi~4l dsof l
lifIlversI ty of M.ry land
Aerospace In gln eerifsg 1.’Ildr A’~eM ’
College PIrk . MU 20742

Profe~~or Josep ls 4 , C lar *
Ca tP ,oIlc c l n i v e r sl t y of 444P rA a
Dept of Iqpol ’Aanl dl In gifwe rinq

~lIh1fSQtOfI . DC 20(164

Profe ~~or ‘ I Huing
U111v1r05 t 2 .,t W I IcOn slls -Ml d iO O rA
Dept . of t nq ir*eriflg 1~e,Ian1t~Id ls on . WI ‘,3706

0” . Sa~~el S Bitd~rf
I,hsl,,rllt y of C~1tfo r nl.
S,’l,ool of lisqln..rlfIg S ApplIed ScIen c e
L O S Angeips , CA 00024

I ndustrj  and Resea rcfs InSt I ’ UII’ %
U.S Naval Postgrsdu& te ~,C5IOOl
LIb ra ry
Cod, 0384
~ 4flt Pr,y. CA 93940

•bb Instit u Ip of N~v a1 Archl t i ’C t i&re
Aft . L Ibr a rian
Cresc ent NaacP’ load . G u n  Cove
Lo4$’J Island , 91 11342



Un. l a ’ . ”. i
1l C’ um ’ n o  r L A $ t l P l C W 0 ~ OW OP ‘ N I S P * O C A ’O . I i . I , . . d l

~~~~~~~~~ ~~~~~~~ ~~ ~ ~~~~~ RtAD IIT~~UCT1OISIi~cr’u’~ u i.a~,~..uMcN I A I Iv’t r~~u~ pipoag CO~~PLIT11S G PORN
‘A NJ ~~C N ’ .sus aSIl •OV~ accs$eSo,~

’
~~ ~

• V . 0~~~ 5 ~~~ ~, s - , , ,  S ‘VP ,  OP U S P O C O  I PE ~~,O O C 0 v 1 8(O

.1 , ‘ 1  C t ’ac i ‘ ‘ ‘ ‘ ‘ A l u ~~~ i l I r ’) an( A I V ’l’ i ’ ’,t  i n  Polymers J r , ’ ’ f ’ A f l  t
~
p
~ )f)flt

S P l n . O . M , M ~~~c~P MO ~~s.oat  N U W S E M

A & ,5f .,OM’ ., I ~ O,NYSaC’ 01 O~~Aw~~ WUMSINO.)

~~ , ~~~. ~~~~~ • . ~ ~~ ~~~ ~ 
•
~ ~~~~ 

~~~~~~~~~~~~~ —

I •~~~A e t s N . i . ., oi 0*Os’I’7*’ 0.5 w~~~ l *5, 0 ADOP1IS ‘ •~~QO NAN (S,I$SN~~ PUOJSC~~ I’ASdC
A.5I A I VONi( U N ’ ’ M ANu al

‘I’, ’ )  ‘ ‘ ‘  ‘, 1 ‘ . 0 ’ ‘5 111Cr .

A) ’  ~“ . . i . l l i j u  ~ 
1~~ ‘ A ~~~’ , , , , , ’ i r .q

a ‘ I e~ ‘. ‘ ‘ ‘14 ’ ’ ‘ 9- 
_____________________________________________________

c ’ ..’ .5O,, I, ’ N O O P ’ I C C  M A N S  £ N O A O O Ø * l $  I I  N I P O N Y D A T I
I ‘ ‘ , ‘ ‘

0 ‘i ‘‘ o~ ,,‘l’,’d  Re ‘ - s i  ,‘, r i ‘ ‘ ‘ I

• I rq 1, 1  “1 NUN SI  OP P A SSI

15
P’S N 0 M ’ ~~~0W l 5 , O  a 4 ( w e ’ v  .s~~~ve  a A O D a ( $ I ( l l  1,fl.. ~~., ~~~ ~~~~~~~~~~ OHS..) IS I SCU *A ’V C L A S S  (.5 ~~t . e~~ ..l)

I I ’  S 1  * ‘ A ’

os. p~ e~,ass * ,cA ~ io.u DO u..eaaoINa
SCNI DULS

‘a  Ao l, ’ — e,, ’ A ’ O M  I’ A ’ V I I IW ’ nt P6I~~ •.p..~c

~~ ~~

A l  O .$’ S,, ’’OM $ 0 A ? U M S M 0  o f  A• ~~ .i... t ,l.,..d S,m DS..I II IS ~~f5e,. ,I ~~~~ 1~~S,*)

‘S  $ u P ~~~. S M l W ’ W M ’ 0 ” ’ I I

‘4 e 5 ,  • o# 0 S  (C~~,lS.,u. ~
, .•... • •A ~~ I , ,•a• • •~~ p ~~~~ I~~~~IISp Ip W.s a ,.~~~b . )

I ~
‘ J ’ *  ~~~~~~~ I s - C TM5 1 r,IC’ i n ’ ’ ’  J ’ ~r i , Imj (  ‘1

Pr ’ , , l’ I,l~ 1 1 , 1 1  Oi 11A ~ ’ i1C Pho ’ ’ ’’l,i ’ , t j c I t ’ ~
c ’ .  , ) 2 n c , ) I ’ A l C  ‘ l i l ’ ~~

00 *550 M A C O  (C~~
,..n.. ....... ,l ~~~ IS ~~ ,..a , ~~d I~~~~IA ~~ Ip 11.1$ ~~~I 1

,>l~
Iubl iS~ u I’d A P .~~

. 
~ .J 1’I ’ ’ ~~,’ ’I , 1 ’ ‘ Ic I uF ’0~u I ’ rt  i p ’ ’ , of ’ four ~, i ,’ i—’ti 1 1 1 1 1 5—A pol V A A I s ~~P ’ ’ . . j . p .

p al ~~‘ ‘. t~ ’r ri’ in  Iloma l I S I — l O U , 5’~ c I,)’A ’/ t’ I’ ’ , jf l  A n ’ , jld i ~ s B . modi i - i  ~~p ;l s ‘~ i’~’’~ir1S
,IrId u c ul  ,u  d n  . nat l’ , u j E * t ,n ’l A Ij f l pd by dy rian iic p h o t u c s ’ l a s ~ id t ’ ~ ari d ,~~‘,‘ n l , t A ’ 1 I 1 ’ caust 1CS
1 5 L ’  ri~’j I I ’ ’ ~ c ’ u l ,  ) ‘ ‘ , i t f ’  mo unt inq  I’v ide n(’ f ’  ( If  1I F l 1’ I I I I ’  ( IVI1,lI ’  II ’ ‘ P ’ l~ ~~~~~~ t o l l us f l n e s s 0

~l’ r’ ,U 5 I_ t I c  v i’ l oc i t y ,  ~~, re lat ions  of these poi ~uc cA I ’ ,’s Ill u n ’ s ’c l unc le , ’
‘,t a t , ’ ) u u ~ic lj f l g ,  r,1~~~ t u  re lat ions cou ld  not be dupi idat ‘ci I n c  f l ’ , I c  t o  1’ * ’ ’ _ l A

~’ c i  ‘‘‘I’ U ’.
l(lddf’ l’l ‘1 / r l am i ca  11 ~ . ~Th ’ exi stence ..aL, uni gu~ K ID v~~-~ u.’~ rs’ l0itliILdi i i i  the

DO I ~~ 1473 ~~~~~~ ~~ ~~~~ IS OSSO~~S,I tim’ la’ . ’. I f i pd 
( c o s i t i  noe l on reverse)

I/Ps 0 1 0 5 . 0 1 4 .  150 1
SICUlIYY C~~~~5$lPlCA ~~lON OP tw, S PA G e  (~~ssIl *.,. ~~~~~~~



(Continued )”~a 1i d i ty of a minimum dynamic fracture toughness , K im,
as a conservative estimate of the crack arrest stress intensity factor
for polymers subjected to dynamic loading remains in doubt ,


